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Summary
Background:  Intramedullary  nailing  using  long  or  modular  nails  is  the  most  reliable  mean  of
achieving femorotibial  fusion.  Here,  we  report  the  operative,  clinical,  functional,  and  radio-
logical outcomes  of  17  long  intramedullary  nail  arthodeses  in  patients  with  infection.
Hypothesis:  Clinical  and  functional  outcomes  after  long  intramedullary  nailing  are  at  least  as
good as  those  obtained  using  other  implants.
Materials  and  methods:  We  retrospectively  reevaluated  17  patients  after  unilateral  two-stage
knee arthrodesis  with  a  long  titanium  intramedullary  nail  and  autologous  bone  grafting.  We
evaluated  satisfaction,  leg  length  discrepancy,  and  function  (Lequesne  and  WOMAC  indices).
Radiographs  were  obtained  to  assess  fusion,  time  to  fusion,  and  femorotibial  angles.
Results: No  cases  of  material  failure  were  recorded.  One  or  more  complications  occurred  in
seven patients.  Mean  limb  shortening  was  27.6  mm.  Of  the  17  patients,  15  were  satisﬁed  with
the procedure.  The  mean  Lequesne  index  was  10.5/24  and  the  mean  overall  WOMAC  score
was 26/88.  Fusion  was  achieved  in  16  patients,  with  a  mean  time  to  fusion  of  5  months.  Mean
femorotibial  angles  were  178.6◦ of  varus  and  1.9◦ of  ﬂexion.
Discussion:  This  simple  and  rapid  surgical  technique  provides  functional  outcomes  similar  to
those obtained  using  modular  nails.  The  fusion  rate  is  high.  Nail  extraction  is  simple  and  causes
minimal damage,  in  contrast  to  modular  nails.  Increased  attention  to  misalignment  is  needed.
Level of  evidence:  Level  IV,  retrospective  study.
© 2013  Elsevier  Masson  SAS.  All  rights  reserved.∗ Corresponding author.
E-mail address: leroux.bertrand.02@gmail.com (B. Leroux).
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hen  the  condition  of  the  knee  or  general  health  of  the
atient  constitutes  a  major  obstacle  or  a  contraindication
o  total  knee  arthroplasty,  knee  arthrodesis  is  an  alterna-
ive  to  amputation  [1]. Knee  arthrodesis  is  a  demanding
echnique  associated  with  a  complication  rate  of  nearly  40%
served.
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2].  Many  knee  arthrodesis  techniques  are  available  includ-
ng  screw  ﬁxation,  tibiofemoral  screw-plate  ﬁxation  [3,4],
xternal  ﬁxation,  and  intramedullary  nailing.  Among  them,
he  most  widely  used  at  present  are  nailing  and  external
xation.  Intramedullary  nailing  has  emerged  as  the  most
eliable  method,  notably  in  terms  of  higher  fusion  rates
nd  shorter  fusion  times  [2,5].  The  long  intramedullary
ail  is  introduced  in  the  antegrade  direction  through  the
rochanteric  region  [6—8].  Despite  the  high  fusion  rate  and
elatively  short  fusion  time,  the  difﬁculties  with  long-nail
ntroduction  and  locking,  combined  with  the  risk  of  limb
isalignment,  lead  many  surgeons  to  prefer  shorter  pre-
ontoured  [9]  or  modular  [10—13]  nails  introduced  through
he  knee.  In  our  department,  we  previously  used  modular
ails.  However,  removing  these  nails  (for  instance  in  the
vent  of  recurrent  infection)  either  caused  severe  tissue
amage  or  proved  impossible.  Consequently,  we  now  use  a
ong  femorotibial  nail.
Our  hypothesis  was  that  long  intramedullary  nailing
erformed  using  our  surgical  technique  provided  clinical,
unctional,  and  radiological  outcomes  that  were  at  least  as
atisfactory  as  those  obtained  using  other  implants.
aterial and method
atients
e  retrospectively  reviewed  17  consecutive  patients  who
nderwent  knee  arthrodesis  using  long  intramedullary  nail-
ng  at  our  institution,  between  April  2010  and  November
011.  The  12  men  and  ﬁve  women  had  a  mean  age  of  68.7
ears  (range,  40—85  years;  median,  71  years)  at  the  time  of
he  knee  arthrodesis.
Mean  follow-up  was  16  months  (median,  15  months).
t  last  follow-up,  mean  age  was  70.1  years  (range,  41—86
ears;  median,  73  years).  In  all  17  patients,  the  reason  for
rthrodesis  was  knee  infection  (infected  total  knee  arthro-
lasty  in  15  patients  and  septic  arthritis  of  the  native  knee
n  two  patients).
perative  technique
nee  arthrodesis  was  performed  in  all  17  patients  by  the
ame  senior  surgeon  using  the  Stryker  T2  long  intramedullary
ail  (Stryker  Trauma  GmbH,  Schönkirchen,  Germany).  This
ntegrade,  hollow,  cannulated  nail  with  grooves  but  no  cleft
s  made  of  Type  II  anodised  titanium  alloy  (Ti6A14  V).  Cur-
atures  speciﬁc  for  the  right  and  left  limbs  are  available,
s  well  as  diameters  of  11.5  and  13  mm  and  lengths  ran-
ing  from  540  mm  to  780  mm.  The  nail  can  be  locked  distally
nd  proximally  (in  static  or  dynamic  mode)  using  one  or  two
atero-medial  screws  measuring  5  mm  in  diameter.
Before  the  arthrodesis  procedure,  the  15  patients  with
nfected  total  knee  arthroplasties  underwent  a  ﬁrst  pro-
edure  for  prosthesis  removal  and  implantation  of  an
ntibiotic-impregnated  acrylic  spacer.  The  mean  time  from
his  ﬁrst  procedure  to  arthrodesis  was  8  weeks  (median, weeks).  The  spacer  was  removed  and  debridement  per-
ormed,  with  collection  of  bacteriological  specimens,  to
repare  the  bone  extremities.  The  limb  was  placed  in  trac-
ion  using  a  boot  on  a  traction  table.  The  nail  was  introduced
•B.  Leroux  et  al.
hrough  the  greater  trochanter.  The  appropriate  nail  length
as  determined  intra-operatively  as  the  length  extending
eyond  the  middle  third  of  the  tibial  shaft.  All  nail  lengths
nd  diameters  were  available  to  the  surgeon.
The  nail  was  press-ﬁt  into  the  medullary  canal  with  the
oot  in  5◦ to  10◦ of  external  rotation.  Limb  alignment  was
hecked  radiologically.  The  traction  was  released  to  achieve
ontact  of  the  bone  surfaces.  The  reaming  debris  and  patel-
ar  bone  grafts  (two-thirds  of  the  thickness  of  the  patella)
ere  used  to  ﬁll  the  joint  space.  No  bone  substitute  was
mplanted.  The  residual  patella  was  left  included  in  the
uadriceps  tendon,  without  ﬁxation.  Proximal  locking  was
chieved  using  the  speciﬁc  tool.  The  ﬁrst  nine  screws  were
ocked  in  the  dynamic  position  (oblong  distal  hole).  The  fol-
owing  screws  were  not  locked  distally.
A  knee  splint  was  worn  for  6  weeks  with  partial  weight
earing  to  ensure  gradual  compression  of  the  knee.
linical  evaluation
he  clinical  evaluation  was  performed  by  an  independent
urgeon.  No  patients  were  lost  to  follow-up.  One  patient
ied  18  months  after  the  procedure,  from  acute  heart
ttack.
The  following  data  were  recorded  at  last  follow-up:
ain  in  the  operated  limb  or  contralateral  limb,  use  of
 built-up  shoe  and/or  canes,  evidence  of  local  infection
e.g.,  inﬂammation  of  the  scar,  dehiscence,  sinus  tract,  or
rainage)  or  systemic  infection  (e.g.,  fever,  chills,  sweats,  or
ymphadenopathy),  and  mobility  at  the  knee.  Leg  length  dis-
repancy  was  measured  clinically  and  compared  to  the  value
btained  in  the  immediate  post-operative  period.  Rotation
as  evaluated  clinically.
Patient  satisfaction  was  recorded  as  very  satisﬁed,  satis-
ed,  somewhat  dissatisﬁed  or  dissatisﬁed.
The  Lequesne  algo-functional  index  [14]  and  West-
rn  Ontario  MacMaster  Universities  Osteoarthritis  (WOMAC)
ndex  [15]  were  determined  in  16  patients.  For  the  WOMAC
ndex,  the  stiffness  domain  was  not  assessed  and  the  items
ere  scored  using  a  5-point  Likert  scale  (none,  0;  mild,  1;
oderate,  2;  severe,  3;  extreme,  4).  The  highest  possible
cores  were  20  for  the  pain  domain  and  68  for  the  function
omain,  i.e.,  88  for  the  total  score.
Antero-posterior  and  lateral  radiographs  of  the  femur,
ibia,  and  entire  lower  limbs  were  obtained  to  assess  fusion,
he  femoro-tibial  angle  in  the  coronal  plane,  and  the  angle  of
exion.  Fusion  was  deﬁned  as  a  visible  bony  bridge  between
he  femur  and  tibia.
esults
able  1  reports  the  results.
omplications
ne  or  more  complications  were  recorded  in  seven  patients: intra-operative  fractures  occurred  in  two  patients:  one
was  a  tibial  shaft  fracture  bridged  by  the  nail  and  iden-
tiﬁed  post-operatively  and  the  other  was  a non-displaced
Long-nail
 knee
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 for
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Table  1  Results.
Patient Follow-up
(months)
Healed  Time  to  healing
(months)
Canes  Shortening  Built-up
soles
Lequesne
index
WOMAC
index
Satisfaction
index
Coronal
femoro-tibial
angle  (◦)
Flexion
(◦)
Complications
1  26  Yes 3  0  (—25  mm) 2  cm 4  17  Very  satisﬁed Varus  3◦ 2  None
2 26  Yes 4  2  (—35  mm) 2  cm 11  30  Satisﬁed  Varus  1◦ 1  Fibular  nerve  palsy
3 23  Yes 4  1  (—30  mm) 2  cm 13  27  Very  satisﬁed Varus  3◦ 3  None
4 23  Yes 6  2  (—25  mm) No  14  27  Very  satisﬁed 0◦ 1  Haematoma
5 27  Yes 5  2  (—40  mm) 2  cm 11  30  Satisﬁed  Varus  3◦ 2  Haematoma  et
Femoral  fracture
6 21  Yes  3  2  (—20  mm)  No  13  37  Dissatisﬁed  Valgus  2◦ 2  Tibial
fracture/Recurrent
infection
7 17  Yes  3  0  (—30  mm)  No  4  21  Very  satisﬁed  Varus  4◦ 2  None
8 17  Yes  12  0  (—35  mm)  2  cm  10  23  Very  satisﬁed  Valgus  3◦ 1  Haematoma
9 15  Yes  3  2  (—20  mm)  No  Deceased  Very  satisﬁed  Valgus  3◦ 2  Haematoma
10 15  Yes  6  2  (—30  mm)  No  8  29  Satisﬁed  Varus  3◦ 1  None
11 13  Yes  7  2  (—20  mm)  No  10  27  Very  satisﬁed  Varus  3◦ 1  Haematoma/Fibular
nerve  palsy
12 10  Yes  3  2  (—20  mm)  2  cm  12  28  Very  satisﬁed  Varus  3◦ 3  None
13 9  Yes  4  2  (—30  mm)  No  13  25  Somewhat
dissatisﬁed
Varus  2◦ 3  None
14 8  No  —  2  (—30  mm)  No  14  23  Satisﬁed  Valgus  2◦ 3  None
15 8  Yes  6  1  (—25  mm)  2  cm  7  20  Very  satisﬁed  Varus  4◦ 2  None
16 7  Yes  6  1  (—25  mm)  3  cm  13  30  Satisﬁed  Varus  3◦ 2  None
17 7  Yes  6  1  (—30  mm)  No  12  28  Very  satisﬁed  Varus  2◦ 2  None
4 B.  Leroux  et  al.
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femoral  shaft  fracture  identiﬁed  intra-operatively.  Both
fractures  were  managed  with  elimination  of  weight  bear-
ing  for  6  weeks.  Time  to  fusion  was  comparable  to  that  in
the  overall  population;
 two  patients  experienced  ﬁbular  nerve  palsy,  which
resolved  fully;
 post-operative  haematoma  developed  in  six  patients,
including  one  who  developed  skin  necrosis  requiring  treat-
ment  with  a  medial  gastrocnemius  ﬂap  3  months  after  the
arthrodesis  procedure;
 one  patient  experienced  recurrent  infection  due  to  the
same  organism  as  initially,  with  a  tibial  sinus  tract,  and
required  removal  of  the  nail;  fusion  was  achieved  and
consequently  no  other  implant  was  required.
unctional  outcomes
f  the  17  patients,  ﬁve  were  satisﬁed  and  10  very  satis-
ed.  The  mean  overall  WOMAC  index  was  26/88  (range,
7—48;  median,  27).  The  mean  WOMAC  function  score  was
3/68  (range,  16—38;  median,  24.5)  and  the  mean  WOMAC
ain  score  was  3.4/20  (range,  0—10;  median,  3.5)  (Table  2).
he  mean  Lequesne  algo-functional  index  was  11/24  (range,
—17;  median,  11.5).
Sixteen  patients  reported  no  pain  at  rest  or  at  night.
ain  was  reported  during  walking  by  14  patients  and  dur-
ng  transfers  by  15  patients.  All  patients  had  difﬁculties
ith  squatting.  One  or  two  canes  were  required  for  walk-
ng  in  13  patients.  Walking  distance  was  unlimited  in  one
atient,  300  to  500  m  in  10  patients,  and  100  to  300  m  in
our  patients.  Finally,  eight  patients  were  unable  to  walk  on
neven  surfaces.
linical  outcomes
ean  clinical  limb  shortening  was  27.6  mm.  Shortening  was
0  mm  or  more  in  nine  patients.  Secondary  shortening  did
ot  occur  in  any  of  the  patients.  Ten  patients  used  a  built-up
hoe.  Rotational  deformities  were  noted  in  three  patients.
adiographic  outcomest  last  follow-up,  fusion  was  achieved  in  16  patients  with
 mean  time  to  fusion  of  5  months  (median,  4.5  months)
Fig.  1).  The  mean  tibiofemoral  angle  was  178.6◦ (range,
76◦—183◦)  and  mean  ﬂexion  was  1.9◦ (range,  1◦ to  3◦).
f
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Table  2  WOMAC  index  data.
Patients Pain  Function:  difﬁculties  w
When
lying  in
bed/at
night
When
standing
When  using
stairs  or
changing
position
Standing  Bending
forwards
Wa
a  l
su
Number  1  1  12  0  6  5  Figure  1  Fused  femorotibial  arthrodesis.
iscussion
he  complication  rate  (41%)  and  nature  of  the  complications
n  our  case-series  are  consistent  with  previous  studies
f  knee  arthrodesis  using  various  intramedullary  nailing
echniques  [16,17], long  intramedullary  nails  [8], or  mod-
lar  nails  [18].  All  the  complications  were  minor,  whereas
late  ﬁxation  has  been  associated  with  major  complications
fatigue  fracture  and  necrosis  of  muscle,  bone,  or  skin)  that
ften  required  surgical  revision,  removal  of  the  material,  or
ven  amputation  [3,4].
The  two  intra-operative  fractures  are  probably  ascribable
o  excessively  vigorous  and  extensive  reaming.  None  of  the
ractures  prevented  insertion  of  the  nail.  Both  cases  of  ﬁbu-
ar  nerve  palsy  recovered  fully  within  about  6 months,  and
he  two  patients  reported  being  satisﬁed  and  very  satisﬁed
ith  the  arthrodesis  procedure,  respectively.
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[Long-nail  knee  arthrodesis  for  infection  
In  contrast  to  ﬁndings  with  other  long  nails,  and  although
follow-up  was  limited  in  our  case-series,  none  of  the  patients
experienced  breakage  or  migration  of  the  material  [8]  and
none  of  the  locking  screws  required  removal  [9].
Extraction  of  a  modular  nail  is  difﬁcult  and  causes  sub-
stantial  bone  damage  [18].  In  contrast,  long  nails  can  be
extracted  easily  and  rapidly  without  causing  loss  of  bone,
a  difference  pointed  out  by  Incavo  et  al.  [19].  Removing  a
modular  nail  requires  revision  of  the  fusion  to  unscrew  the
various  nail  components.  Extraction  of  these  components
frequently  requires  more  or  less  extensive  cuts  in  the  femur
and  tibia,  which  result  in  substantial  loss  of  bone  tissue.
Many  authors  agree  that  recurrent  infection  is  less  com-
mon  when  the  nail  is  inserted  at  a  distance  from  the  initial
operative  site  and  after  normalisation  of  the  inﬂammation
markers  [1,9,11].  Except  for  a  study  by  Letartre  et  al.
[20],  during  which  no  recurrent  infections  were  recorded,
the  recurrence  rates  were  similar  with  modular  nails  (21%
[18]  and  14%  [21])  and  long  nails  (17%  [7]  and  10%  [8]).  We
agree  with  Iacono  et  al.  [21]  that  autologous  bone  grafting
with  no  use  of  allogenic  bone  decreases  the  risk  of  recurrent
infection.  To  date,  recurrent  infection  developed  in  only  one
(6%)  of  our  patients,  but  the  follow-up  is  still  short.
Satisfaction  was  usually  good  or  very  good,  consis-
tent  with  the  greater  than  90%  satisfaction  rate  reported
with  modular  nails  [12,20,21].  The  mean  Lequesne  algo-
functional  index  value  was  similar  to  those  obtained  with
modular  nails  by  Letartre  et  al.  (12/24,  [20])  and  Iacono
et  al.  (11.2/24,  [21]).  All  the  mean  WOMAC  score  values
were  satisfactory;  they  were  obtained  using  a  Likert  scale
and  are  therefore  difﬁcult  to  compare  with  the  visual  ana-
logue  scale  results  reported  by  Bargiotas  et  al.  [7]  and
Letartre  et  al.  [20].  However,  our  ﬁnding  that  94%  of  patients
had  no  pain  at  rest  and  58%  no  pain  while  walking  are  similar
to  the  results  in  two  studies  of  modular  nails  [20]  [21]  and
better  than  those  obtained  previously  with  long  nails  [6].
Mean  limb  shortening  was  27.2  mm.  Limb  shortening  is
less  marked  with  modular  nails,  as  maintaining  limb  length
is  given  priority  over  achieving  compression.  Volpi  et  al.  [10],
Neuerburg  et  al.  [18],  Letartre  et  al.  [20],  and  Iacono  et  al.
[21]  reported  shortening  by  0,  15,  12,  and  8  mm,  respec-
tively.  However,  shortening  was  less  marked  in  our  study
than  in  previous  studies  of  long  nails  (32  to  55  mm,  [7,8,19]).
This  difference  may  be  ascribable  to  our  practice  of  rou-
tinely  ﬁlling  the  joint  space  with  reaming  debris  and  patellar
grafts  before  inducing  compression.
Mean  time  to  fusion  was  consistent  with  studies  by  Bar-
giotas  et  al.  [7]  using  long  nails  and  Nichols  et  al.  [4]  using
plates.  With  long  nails,  autologous  bone  grafting,  immedi-
ate  dynamic  locking  of  the  nail,  and  compression  via  early
weight  bearing  produce  fusion  rates  of  89%  or  more  [6,7].
Fusion  rates  with  modular  nails  range  from  85%—95%  [11,13]
to  68%  [20];  the  lowest  rate  [20]  was  achieved  by  authors
who  gave  priority  to  maintaining  limb  length  over  achieving
bone  contact  in  patients  with  substantial  bone  loss.
With  long  nails,  the  angles  of  tibiofemoral  valgus  and
ﬂexion  were  3.1◦ and  5.8◦,  respectively,  in  one  study  [19]
and  1.3◦ and  3.5◦ in  another  [8].  In  our  case-series,  the
tibiofemoral  angle  was  in  varus  and  ﬂexion  was  less  than
2◦.  Loss  of  the  physiological  valgus  angle  may  be  ascribable
to  the  patient  installation  with  the  leg  secured  to  the  trac-
tion  table  for  removal  of  the  spacer  and  insertion  of  the
[403
ail  (limited  visibility  for  identifying  the  entry  point  at  the
roximal  tibia).  Pfung  et  al.  [22]  have  suggested  using  navi-
ation  to  avoid  the  malalignment  and  rotational  deformities
eported  with  long  nails  [19].
onclusion
lthough  the  fusion  rate  and  time  to  fusion  in  our  study  are
onsistent  with  previous  reports  on  intramedullary  nailing
or  knee  arthrodesis,  the  clinical  and  functional  outcomes
btained  using  our  technique  compared  favourably  with
hose  reported  in  studies  of  other  long  nails,  and  none  of
ur  patients  experienced  serious  complications.  The  surgical
rocedure  is  rapid,  requires  no  allogenic  bone,  and  allows
arly  weight  bearing.  The  satisfaction  rate  and  functional
utcomes  are  similar  to  those  described  with  modular  nails,
lthough  mean  limb  shortening  remains  more  marked.  The
ase  of  nail  extraction,  with  minimal  bone  loss,  is  a  valuable
dvantage,  most  notably  in  the  event  of  recurrent  infection.
owever,  the  surgical  technique  remains  demanding,  and
here  is  still  room  for  improvement,  particularly  regarding
imb  alignment  and  rotation.
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